L e t t e r s t o t h e e d i t o r
The surgical management of unilateral cervical facet fractures without subluxation remains a topic of debate as the spectrum of injuries within this category is wide and variable. The decision to intervene operatively is usually driven by the presence of discoligamentous disruption seen on STIR MRI, as these fractures are at a higher risk of subluxation, delayed kyphosis, worsening pain, and neurological injury when managed with rigid bracing.
In the absence of discoligamentous injury and neurological deficit, many surgeons elect to brace these fractures. In their retrospective article, Aarabi et al. compared the outcomes of patients with unilateral facet fractures without subluxation that were either managed conservatively or operatively. The integrity of the discoligamentous complex in their patients was either normal or indeterminate. The authors found that operative treatment failed in only 1 (10%) of 10 patients who underwent surgery while conservative therapy failed in 9 (60%) of 15 treated with bracing (failure was defined as progressive translation or kyphosis or not attaining solid fusion). The mean time until failure was 38.4 days (range 5-103 days) from injury. Of note, none of the patients in whom treatment failed presented with a neurological deficit. All of the patients in whom conservative treatments failed then underwent internal fixation.
This high percentage of patients in whom conservative treatment failed might be confounded by the presence of a larger percentage of patients with higher degrees of discoligamentous disruption (assessed by the injury severity score) within this subcategory compared to those patients who were successfully managed with bracing. Moreover, the decision to operate in patients initially treated with brace therapy was driven by radiographic evidence of translation or kyphosis, which in the absence of pain, dislocation, or neurological deficit does not necessarily warrant surgical intervention.
In our experience we find that rigid bracing for at least 3 months is an effective and successful method of managing patients with unilateral facet fractures without subluxation as long as the integrity of the discoligamentous complex is normal. Close follow-up with radiography and assessment of fusion with CT scanning or dynamic flexion and extension radiography is warranted to confirm fracture healing prior to the discontinuation of the hard collar or the crown halo vest (Fig. 1 ). Since May of 2013, we have assessed and managed 9 neurologically intact patients with unilateral facet fractures without instability. None of these patients has required surgery.
This study further confirms the complexity and spectrum that this injury represents. Spine surgeons should pay careful attention to what seems to be a benign fracture and further assess the severity of this injury with MRI. Furthermore, other risk factors such as age and Fig. 1 . An 18-year-old man who was intoxicated with alcohol fell off a bunk bed. He presented to the emergency room with neck pain. Findings on neurological examination were normal. A: Cervical CT demonstrated a left-sided nondisplaced facet fracture of C-6 (arrow). The patient was admitted and was placed in a Miami J collar. B: A STIR MR image showed disruption of the interspinous ligaments only with the rest of the discoligamentous complex being intact. The patient was followed up closely with standing lateral radiography (every 2 weeks initially). C: Following bracing for 3 months, a cervical CT scan showed complete healing of the fracture. The patient reported no neck pain and findings on his neurological examination were normal. reSPoNSe: We appreciate the critical review of our manuscript by Drs. Dahdaleh, Smith, Lindley, and Hitchon.
The primary objective of our investigation was to define the natural behavior of a nondisplaced unilateral facet fracture under physiological loads. Other researchers have had the same purpose in their studies. Halliday et al. 2 evaluated the integrity of the discoligamentous complex (facet capsule, interspinous ligament, anterior longitudinal ligament, and posterior longitudinal ligament) in relation to the probability of instability and the need for surgical intervention. Spector et al. 3 endeavored to relate the probability of subluxation or kyphotic deformity to the size of the fragment.
We agree with the statement that the "decision to intervene operatively is usually driven by the presence of discoligamentous disruption seen on STIR MRI, as these fractures are at a higher risk of subluxation, delayed kyphosis, worsening pain, and neurological injury when managed with rigid bracing" but could not understand the statement that the "high percentage of patients in whom conservative treatment failed might be confounded by the presence of a larger percentage of patients with higher degrees of discoligamentous disruption." In our paper we clearly mention that we used MRI to confirm lack of spinal cord injury and to grade the level of injury severity of 7 ligaments of the cervical spine discoligamentous complex (anterior longitudinal ligament/anterior anulus, disc, posterior anulus/ posterior longitudinal ligament, ligamentum flavum, joint capsule on right side, joint capsule on left side, and interspinous ligament). The injury severity score of a specific ligament was 0 if the ligament was intact, 0.5 if the injury was indeterminate, and 1 if the ligament was completely disrupted. For all 7 ligaments, the score ranged from 0 to 7. The mean instability score was 3.2 (SD 1.5) (3.6 in the surgical group and 3.0 in the nonoperative group, with no statistical difference). We were not able to replicate Spector and colleagues' evaluation of the size of the facet fragment because the fracture lines were basal, transverse, and coronal. 3 In addition we did not find any significant differences in Subaxial Injury Classification (SLIC) and Severity score 4 between the two groups (see Table 2 in our article). Dr. Dahdaleh and his colleagues opined that "the decision to operate in patients initially treated with brace therapy was driven by radiographic evidence of translation or kyphosis, which in the absence of pain, dislocation, or neurological deficit does not necessarily warrant surgical intervention." While we understand their concern for unnecessary surgery, our view was that waiting for a neurological deficit or pronounced subluxation to develop might leave the patient with permanent nerve root or spinal cord injury and protracted pain and unhappiness. 
Axis fractures
To The ediTor: I found the article by Shinbo et al. Although the literature supports surgery for odontoid Type II fractures in patients older than 50 years of age, 4 fractures of the posterior elements of the axis classified according to the Levine-Edwards criteria as Type IA (without bone translation, significant displacement, or angular deformity) were successfully treated conservatively in most of the reported series of axis fractures 1, 3, 5, 6 found in literature. Anterior odontoid screw fixation is an accepted treatment for odontoid Type II fractures. 7 However, I believe that an additional posterior approach with posterior pedicle screw insertion was not necessary for bone healing in Type I Levine-Edwards fractures, even if associated with odontoid fractures. Axis pedicle screws can lead to rare but catastrophic vertebral artery injury, and are inadvisable in up to 20% of cases due to pedicle size and/or abnormal vertebral artery anatomy. 2 In both presented cases, the posterior approach could be reserved for failure in bone healing, avoiding unnecessary risks and the additional costs of an early combined approach. I thank the authors for their interesting and well-illustrated article.
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reSPoNSe: We greatly appreciate Dr. Joaquim's interest in our article. As he pointed out, conservative treatment must be the first choice if the fracture is simple traumatic spondylolisthesis of the axis categorized as a Levine-Edwards Type IA fracture, and the choice of the odontoid screw fixation is widely accepted for simple odontoid Type II fractures.
However, it might have been unsatisfactory for the patients with the combined fracture presented in our paper if they had undergone only the anterior odontoid fixation and we had not performed the posterior pedicle screw fixation, and if they had been required to undergo the relatively longer period of external fixation that had been supposed to be necessary for the conservative treatment of the simple axis fracture classified as Levine-Edwards Type IA.
In this regard, circumferential operative therapy could result in shortening of the term of external fixation, achieving high primary stability and providing good outcomes in that the range of motion of the cervical spine was preserved. Moreover, recently, more advanced techniques and devices have made pedicle screw insertion easier and safer, although we must pay meticulous attention not to injure the vertebral artery. Therefore, we opted to perform the circumferential operation and were able to achieve the good outcome.
We again thank Dr. Joaquim for making his insightful remarks and hope that our report can help readers arrange their strategy for the combined fracture of axis. . In this study, the authors present further empirical evidence from subarachnoid pulse pressure measurements for the theory that the pathophysiology of syringomyelia development and progression involves a block in the normal CSF flow through the spinal subarachnoid space, which leads to increased spinal subarachnoid pulse pressures above the interruption, ultimately producing a pressure differential across the obstructed segment. The results of such study confirm the authors' initial findings of reduced CSF compliance, as well as increased cervical subarachnoid pressure and pulse pressure, obtained in a previous study using phase-contrast cine MRI and CSF pressure mesurements. 3 In a recently proposed classification of syringomyelia based on postmortem histological analyses and MRI findings in 927 patients, Milhorat divided such lesions into 4 basic groups: communicating syringomyelia, noncommunicating syringomyelia, atrophic cavitations (the so-called syringomyelia ex vacuo), and neoplastic cavitations. 9 Similar to the findings of Heiss et al., in the second group (those patients in whom the syrinx cavity did not communicate with the fourth ventricle), the main etiological factor implicated in the pathophysiology of syrinx development and progression was an increase in the arterial pulse wave velocity in the spinal subarachnoid space that was sufficient to force CSF into the central canal of the spinal cord through anatomically contiguous perivascular and interstitial spaces. 10, 12 Interestingly, although several previous imaging studies have confirmed the presence of significant differences in CSF circulation both around the foramen magnum and adjacent to the syrinx in patients with Chiari I malformation and syringomyelia, 11, 13 only a few recent studies have more consistently mapped the pattern of such changes in the CSF flow, with special attention to a possible anteroposterior asymmetry between the subarachnoid spinal cisterns.
2,5
The existence of possible differences between the patterns of CSF flow in the anterior and posterior spinal subarachnoid cisterns acquires further importance when taking into account the much more rare, but also intriguing, clinical situation in which, in the absence of congenital craniocervical or posterior fossa abnormalities (such as a Chiari I malformation), syringomyelia develops concomitantly with (and adjacent to) spinal levels of cervical spondylosis. In our clinical experience we have more than once come across a syrinx cavity in the cervical spinal cord that developed after obliteration of the anterior spinal subarachnoid cistern due to intervertebral disc pathology, even though the total diameter of the cervical canal was preserved (that is, no major cervical canal stenosis). On such occasions, although the degree of compression of the spinal cord was not impressive (taking into account the presence of CSF in the posterior spinal cisterns), the patients presented with progressive clinical symptoms of cervical myelopathy. Interestingly, after such patients were submitted to surgical intervention through anterior cervical discectomy and fusion (ACDF), they exhibited a significant clinical improvement as well as further reduction in the dimensions of the syrinx (Fig. 1) . According to the follow-up postoperative images obtained in these patients, although the surgical procedure does not seem to have affected the total anteroposterior diameter of the cervical spinal canal (Fig. 2) , a posterior shift of the spinal cord was verified. In fact, the observed increase in the diameter of the anterior spinal subarachnoid cistern and the concomitant clinical improvement seem to suggest that the decrease in the size of the syrinx may be related to some alterations in the CSF flow dynamics, with restoration of the normal flow through the anterior spinal subarachnoid cistern, ultimately leading to the observed clinical improvement (Fig. 2) . Such experience has been confirmed by other similar reports in the literature.
1,14
Although it must be recognized that such anecdotal reports (there are fewer than 10 reported cases of syringomyelia associated with cervical spondylosis in the literature) 7, 8 provide weak evidence in terms of supporting any therapeutic recommendations in such situations (such as surgical decompression for restoration of the anterior spinal cistern even in the absence of significant spinal canal stenosis), in our opinion, they present an interesting scenario for a more thoughtful evaluation of the etiological factors that may be involved in the pathophysiology of syringomyelia, with special reference to the possible presence of a meaningful asymmetry between the CSF flow 2 . Axial T2-weighted MRI cuts through the level of the most significant anterior compression (C4-5) demonstrating that, although no major change was observed in the total diameter of the spinal canal after decompression, a posterior shift of the spinal cord occurred postoperatively, with a consequent increase in the diameter of the anterior subarachnoid spinal cistern and a simultaneous decrease in the posterior subarachnoid spinal cistern, possibly leading to a new pattern of CSF dynamics, which was responsible for the decrease in the dimensions of the syrinx and the observed clinical improvement. Again, note that the clinical improvement and the decrease in the dimensions of the syrinx correlated with the size of the anterior spinal subarachnoid cistern (which significantly increased) and not with the overall dimensions of the spinal canal at that level (which remained roughly the same).
in the anterior and posterior spinal subarachnoid cisterns and its significance in terms of subarachnoid pulse pressure waves and syrinx development.
Interestingly, a previous study using computational fluid dynamics simulations in order to reproduce the results of phase-contrast cardiac-gated cine MRI in both normal subjects and in patients with Chiari I malformation have demonstrated that the shape and size of the spinal cord (and therefore the final dimensions of the adjacent subarachnoid space) in the simulated model significantly affected the final CSF flow patterns. 5 According to the results of this study, the models that best reproduced the flow pattern observed on phase-contrast cine MRI were those in which there was an inhomogeneous pattern of flow jets in the subarachnoid spinal space, with significant differences between the anterior and posterior spinal cisterns. By varying the diameters of the spinal cord, such simulations demonstrated that there was a marked increase in CSF velocities when the diameters of the subarachnoid spinal cisterns were reduced to those below a certain threshold. Moreover, such asymmetry of flow between the anterior and posterior subarachnoid spinal cisterns was markedly increased in patients with Chiari I malformation and syringomyelia. In such a group, for example, during the peak diastolic flow, velocities with opposite values (representing CSF flow in opposite directions) were noted when comparing the CSF dynamics in the anterior and posterior subarachnoid spinal cisterns.
Another study using a new form of phase-contrast MR-based imaging, called 4D MR phase-contrast flow imaging, demonstrated that, while a homogeneous distribution of flow in the anterior and anterolateral subarachnoid spaces at the craniocervical junction was observed in all studied healthy volunteers, patients with Chiari I malformation had heterogeneous flow not only at the craniocervical junction but also in the pre-syrinx region. 2 Consistent with previous studies using standard axial imaging, 6 the authors of this study demonstrated that, instead of a complete CSF flow blockage, the observed narrowing in the anterior subarachnoid space caused by the craniocervical abnormality led to a diversion of the CSF flow to each side of the anterolateral subarachnoid space, resulting in uni-or bilateral jets with accelerated flow velocities (Fig. 3) . Although such remarkable differences in CSF flow were observed in the anterior subarachnoid space, the presence of a syrinx did not seem to cause any major changes in the CSF flow in the posterior subarachnoid cisterns.
These studies, as well as our clinical experience, provide further support for a special role of the anterior subarachnoid spinal cistern in the development and progression of syringomyelia. We congratulate Heiss et al. for the valuable contribution to the understanding of the pathophysiology of syringomyelia that their study involving direct measurements of mean and pulse pressures in the subarachnoid space represents. Nevertheless, taking into account the possibility of meaningful differences between the CSF flow dynamics and intrathecal CSF pressures in the anterior and posterior subarachnoid spinal cisterns, some questions regarding the methodology of this study (as well as the current standard surgical management of syringomyelia) remain unanswered. Some of these questions are: Would the measured cervical subarachnoid mean and pulse pressures have presented different values if the authors had obtained them from the anterior subarachnoid cistern instead of from the posterior subarachnoid cistern? How would it be technically possible to obtain separate measurements of intrathecal CSF mean and pulse pressures in the anterior and posterior cervical subarachnoid cisterns in patients with syringomyelia in future studies? If several previous experimental studies seem to reveal that obstruction of the anterior CSF subarachnoid cistern has a more prominent role in the pathophysiology of syringomyelia, should anterior approaches for decompression of the cervical spine (which are much simpler than posterior fossa decompression) become an alternative for initial surgical management of patients with Chiari Type I malformation, syringomyelia, and adjacent intervertebral disc pathology (especially in those with syrinx-related myelopathic symptoms) as an attempt to restore normal CSF flow, obtain reduction in syrinx dimensions, and improve clinical symptoms?
In summary, we emphasize that basic science studies, such as the one from Heiss et al., have a crucial role in refining our understanding about CSF flow dynamics in the setting of syringomyelia. Such investigations of important variables related to subarachnoid CSF flow and intrathecal pressure represent a necessary means of paving the way for future guidelines regarding the clinical management of patients with syringomyelia, not only in the setting of craniocervical abnormalities (such as Chiari I malformation), but also in those more rare cases of a syrinx associated with other etiological factors, such as cervical degenerative spondylosis. reSPoNSe: We thank Dr. Mattei for his comments on our paper and his thoughts about syringomyelia associated with cervical spondylosis. We agree with him that syringomyelia caused by cervical spondylosis is quite rare. In fact, the MR images presented by him do not show syringomyelia, before or after surgery. Only a very small portion of the cervical portion of the spinal cord, a short segment behind the body of C-4, has a signal intensity similar to the signal intensity of the subarachnoid CSF shown in the same image. The remainder of the abnormal signal affecting the cervical segments of the spinal cord is consistent with edematous tissue or tissue damaged as a result of cervical myelopathy. Although these MRI changes may represent the edematous changes that occur with the "presyrinx" state, syringomyelia so rarely occurs with cervical degenerative disease that the changes seen cannot be considered to indicate the pending development of syringomyelia.
We agree that, in the rare instances in which it occurs, this type of syringomyelia usually occurs "after obliteration of the anterior spinal subarachnoid cisterns due to intervertebral disc pathology" and that "anterior cervical discectomy and fusion" often results in "reduction in the dimensions of the syrinx." We do not agree with his statement, "According to the follow-up postoperative images obtained in these patients, although the surgical procedure does not seem to have affected the total anteroposterior diameter of the cervical spinal canal, a posterior shift of the spinal cord was verified." To evaluate if the anteroposterior diameter of the cervical spinal canal was affected by surgery, we drew a dotted line indicating the anterior extent of the spinal canal before surgery on the postoperative image (Figure 1, response) . This image and the measurements on Dr. Mattei's Figure 1 clearly show that the anteroposterior diameter of the cervical spinal canal was expanded by his ACDF. The second part of his statement, "a posterior shift of the spinal cord was verified" is not confirmed in Figure 1 , in which the width of the subarachnoid space dorsal to the spinal cord in the midcervical spine is unchanged from before surgery. An increase in the width of the subarachnoid space anterior to the spinal cord after surgery is consistent with removal of the C4-5 and C5-6 intervertebral discs and expansion of the spinal canal (Fig. 1, here) . We agree with him that his surgical procedure likely improved flow through the anterior spinal subarachnoid space after surgery. J Neurosurg: Spine / Volume 21 / August 2014 Dr. Mattei suggests that "flow jets in the subarachnoid spinal space" have a role in syringomyelia pathogenesis. In his Figure 3 , the "flow jets" have a velocity of 10-15 cm/sec but are in the region of the vertebral arteries at the foramen magnum, suggesting that the jets may be due to arterial rather than CSF movement. In contrast to these findings at the foramen magnum, within the cervical subarachnoid space CSF movement is fairly regular (Fig. 3, Mattei) . The relevance of the phase-contrast imaging shown in Fig. 3 of Dr. Mattei's letter to his own case is uncertain, because he does not provide phase-contrast imaging studies for his patient or for other patients with syringomyelia associated with cervical spondylosis. Exuberance for the concept of flow jets must be tempered by the fact that the spinal canal is not an open channel but a partially compliant space, resulting in oscillatory CSF motion at the foramen magnum and in the cervical spinal canal during the cardiac cycle that is limited to 0.4-0.6 ml. 1 Dr. Mattei's letter is a practical reminder that syringomyelia is usually associated with obstruction of normal CSF movement at the foramen magnum or within the spinal canal. Surgical procedures that effectively restore normal CSF flow also resolve syringomyelia.
